Abstract
INTRODUCTION

21
A computational model for furrow fertigation was presented and analyzed in a compan- Water and fertilizer uniformity and efficiency are closely related, although fertigation 26 practices can be identified that result in higher uniformity and efficiency for fertilizer ap-27 plication than for water application. Fertilizer uniformity has been addressed by a number 28 of authors (Boldt et al. 1994; Playán and Faci 1997; García-Navarro et al. 2000; Abbasi 29 et al. 2003; Sabillón and Merkley 2004; Zerihun et al. 2003; Strelkoff et al. 2006) gen-30 erally using the concept of low-quarter distribution uniformity (Merriam and Keller 1978;  induced by water flow. Upstream depth measurements constitute however an essential part of field data during the calibration process.
Fertilizer hydrodynamic evaluation
96
Fertilizer was applied to the irrigation water in all evaluations. The solid commercial fer-97 tilizer 12:9:34 was used because of its high water solubility and because its concentration was 98 highly correlated with the electrical conductivity (EC, dS/m) of the fertilized water. We ob- uation when the advance front reached a distance of 30m from the inlet, and lasted for 5min.
107
The doses were hand applied at a constant rate, one each 10s. A 0.5m furrow length located 108 just upstream from the experiment was protected by a plastic film to facilitate fertilizer 109 application and dissolution. 
This error has the dimensions of the variable x, and hence has to be made dimensionless by 
On the other hand, having N concentration is defined as:
Where 10 available, the error in water depth is defined as:
The total error can be defined as:
The factor 0.5 is applied as an ad hoc weighting coefficient since, as previously indicated, tively using the Gauckler-Manning and the friction model proposed in the companion paper.
172
The proposed infiltration model was used in all cases. The first set involves the use of all 173 experiments Q1-Q4. The rest of the sets is based on the data of one single experiment to 174 estimate the friction and infiltration parameters. In each set the error norm was computed 175 from the experimental furrow(s) data used for calibration, and the parameters were identified 176 minimizing that error norm. For comparison purposes, the last column of the Table presents 177 the results of the error norm determined using the whole set of experiments. In this way, all 178 furrow sets can be fairly compared in terms of the error produced in the simulation.
179
The adopted calibration model involved furrows Q1-Q4, since this set showed the lowest 180 error for both friction models. Using only one experiment resulted in an error increment 181 within the range 11-38% using the proposed model and within the range 19-48% using
182
the Gauckler-Manning model. This is quite an important result since it shows that the proposed model has the capacity to predict the effect of flow conditions on friction and furrow 184 infiltration. The model benefits from detail experimentation in a range of discharges, but 185 can produce very reasonable results by introducing data from just one discharge experiment.
186
The proposed friction model performs slightly better than the Gauckler-Manning model,
187
leading to a reduction of the error by 8-18% in all calibration sets of experiments. Part of the 188 observed error must be attributed to simplifications like those adopted to represent furrow 189 geometry. Consequently, the error reduction due to the proposed friction model results
190
particularly relevant.
191
The procedure used in this paper results in an adjustment of all model parameters to tions performed with the set of friction and infiltration parameters described in Table 1 for 234 the proposed friction model and using experiments Q1-Q4 for calibration. These parameters of parameters can be considered very good for flow depth and approximate for discharge.
269
Discharge at the first furrow heavily depends on the junction geometry and on the difference 270 in roughness between the irrigation furrows and the distribution channels. (UDW ) and fertilizer (UDF ) were defined as:
where α is the volume of water infiltrated per unit length of furrow, φ is the mass of solute 
286
• The second best option (B strategy) is the sudden release of the whole amount of 287 fertilizer at around 7 minutes after the irrigation begins. This alternative offers slightly 288 lower uniformity (UDF = 78%), but could be more convenient for the farmer from 289 the practical point of view.
290
Both strategies led to UDF higher than UDW , which attained a value of 72%. Figure 11 between observed and predicted advance in the furrow domain were attributed to the lack 327 of information on furrow microtopography and on the geometrical details at the junctions.
328
Attention will have to be paid to this issue in further research. A detail characterization 329 of furrow and junction microtopography will be required to assess model quality in a more 330 elaborate way. Technologies such as 3D scanning will be required to produce the required 331 topographic information.
332
The satisfactory model performance in fertilizer transport of case I and the reasonable 333 ability to predict water distribution in the furrow network of case II led us to the formulation 334 of a numerical experiment. The sensitivity of fertilizer distribution uniformity to the initial 335 and final application times during a fertigation event in the furrow network was analyzed. Table 1 . Calibrated values of the friction and infiltration coefficients with GaucklerManning and proposed friction models and corresponding error norm for case I. The first column indicates the set of experiments used in the calibration. The last column indicate the error norm using experiments Q1-Q4. 
